a variation of constants formula. These results constitute the discrete analogue of the theory of Volterra integrodifferential equations [1, 6, 7, 8] . A question was raised by Corduneanu and Lakshmikantham [1] of whether or not uniform asymptotic stability implies exponential stability in linear Volterra integrodifferential equations. In [8] Murakami answered this question negatively. In this paper we will extend Murakami's result to Volterra difference equations. It will be shown that if the zero solution is uniformly asymptotically stable, then it is exponentially stable if and only if the kernel decays exponentially (Theorem 5) .
Consider the linear Volterra difference system of convolution type $x(n+1)=AX(n)+ \sum Bj=^{0}n(n-j)_{X}(j)$ , The resolvent matrix $R(n)$ of (L) is defined as the unique solution of the matrix
Let $y(n)$ denote the solution of the equation
Then by the variation of constants formula $ [4, 5] $ , we obtain
For In this section we will establish some necessary and sufficient conditions for UAS. One of the main tools used here is the $Z$ -transform method [2, 3, 4, 5] . Recall that the Z-
The main result in this section now follows. 
The zero solution of
(IV) Both $R(n)$ and $h(n)$ of (3) tend to zero as $narrow\infty$ .
Proof. $(\mathrm{I})\Rightarrow(\mathrm{I}\mathrm{I})$ : Define the matrix function $\hat{B}(n)$ by letting $\hat{B}(r)=B(r)$ for all $r\neq 0$ and $\hat{B}(0)=B(0)+A$ . Then Equation (R) may be now written in the form $R(n+1)= \hat{B}(n)+\sum_{1j=}^{n}\hat{B}(n-j)R(j)$.
(4)
By the discrete Gronwall's inequality [5] , Equation (4) yields
For sufficiently large $\gamma$ ,
is bounded and tends to zero as $narrow\infty$ , and hence the zero solution of (L) is UAS. $(\mathrm{I}\mathrm{I}\mathrm{I})\Rightarrow(\mathrm{I}\mathrm{V})$ : Assume that the zero solution of (L) is UAS. Then $|x(n+\tau, \tau, \varphi)|arrow 0$ as $narrow\infty$ . If $\tau=0$ , then $|x(n, 0, \varphi(0))|=|R(n)\varphi(0)|arrow \mathrm{O}$ as $narrow\infty$ . Consequently,
By the variation of constant formula we have
Since $x(n+\tau, \tau, \varphi)arrow 0$ and $R(n)\varphi(\tau)arrow \mathrm{O}$ uniformly for $\tau\geq 0$ as $narrow\infty$ , it follows that $\sup_{7^{\sim}\geq 0}|\sum_{r=0}^{\mathcal{T}-}(\sum^{n}R1j=0-1(n-j-1)B(j+r+1))\varphi(\tau-r-1)|arrow 0$ as $narrow\infty$ .
Consequently, $\sup_{\tau\geq=0}0^{\Sigma_{r}^{\tau}}-1|\Sigma_{j0}^{n-1}=R(r-j-1)B(j+r+1)|arrow 0$ as $narrow\infty$ . Therefore, the limit $\lim_{\tauarrow\infty}\sum_{r=^{0}}^{\tau-1}|\sum_{j0}^{n-1}=R(n-j-1)B(j+r+1)|=h(n)$ exists for $n\in Z^{+}$ , and it satisfies the relation that $h(n)arrow \mathrm{O}$ as $narrow\infty$ . 
Set $y(n)=z_{0}^{n}y_{0}$ . Then $y(n)$ is bounded for $n\in(-\infty, 0]$ , and $|y(n)|\geq|y_{0}|=1$ , for $n\in Z^{+}$ .
Now using Equation (8) we get
Thus $y(n+1)=Ay(n)+ \sum_{j=0}^{n}B(j)y(n-j)+\sum_{+j=n1}^{\infty}B(j)y(n-j)$ .
By the variation of constants formula, it follows that
Since $R(n)arrow \mathrm{O}$ and $h(n)arrow \mathrm{O}$ as $narrow\infty$ , it follows that $y(n)arrow \mathrm{O}$ as $narrow\infty$ , which contradicts (9). The proof of the claim is now complete.
Remark. In both Volterra integrodifferential equations and Volterra difference equations, it is widely believed that the resolvent matrix $R(n)$ of Equation (E) possesses the $\mathrm{s}a\mathrm{m}\mathrm{e}$ properties of a fundamental matrix of an ordinary difference or differential equation. In particular, it is assumed that
The false statement (10) leads to the false claim that UAS implies ES for Equation (L).
The next lemma shows that (10) is possessed only by ordinary difference equations. Proof. Sufficiency is trivial.
Necessity. Suppose that $R(n-s)R(S)=R(n)$ for all $n\geq s\geq 0$ . Then from Equation (R) we have
Multiply both sides by $\mathrm{R}(\mathrm{s})$ and change the indexing to obtain
Subtracting (11) We assert that
Indeed, since $|B(n)|\leq M_{3}\nu_{1}^{n}$ for $n\in Z^{+}$ , the function $h(n)$ of (3) satisfies Proof. The "only if" part follows from Theorem 4, immediately. We will establish the "if
